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AN ATTENUATED JAPANESE ENCEPHALITIS VIRUS 

ADAPTED TO VERO CELL AND 

A JAPANESE ENCEPHALITIS VACCINE 
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BACKGROUND OF THE INVENTION 
FIELD OFTQE INVENTION 

The present inveation relates to an attenuated Japanese encq>balitb vinia 
adapted to Vero ceU by passages on Vero ceU and a Jqianesc encephalitis vaccine 
comprising said attenuated vims. 

DESCRIPTION OF THE PRIOR ART 

JapaacseencepliaIitis(JE)isanaosqutto^>oniearboviraldiseaseof^^ 
health importance in Asia. More than 35,000 cases and 1 0/)00 deaths are lepoited 
annually fiom that continent, but ofBdal reports undoid>ted]y underestiinatB the true 
number of cases (Okuno. T. World Health Stat Q. 3: 120-31,197«; Umeaei. T e/ot 
Butt WorU Health Oy. 63: 625-31. 1985). Hie ilbess m^ be manifested 1^ a febrile 
headache syndrom^ aseptic meningitis, or cacqAaBtis and about half of the sui^ 
tend to have pennanent neurologic and psychiatric sequelae (Burice. D£. aal. The 
AAoyins:^)idemk>logy arid Ecology 3:6i-92, 1988:Monath.TP. Firv/o^y 763-814. 
1990). 

JE vims is one of 66 Fkviviridae, eoveldped, positive-sense, angle stiaaded 
RNAvinisesJhat largely are vector4)omc(Chambeis,T. J. «r at 
44:649-88. 1990). MoiphoIogicaUy.flavivirusesaresphcrical. approximately 40nm in 
diametei; are composed ofaUpid Mayer surrounding a neucleooqjsid containing 11 -kb 
genome complexed vdtfa a capsid (Q protein (Rice, C.M.etaL Science 229:726-33, 
1 985). Suffice prqedions on the membrane are conqwsed of glycosylated envdope (E) 
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«nd membrane (M) proteins- A pie-M glycoprotein, present in intraceUular nascent 
virions, is cleaved to tlie M protein, fundb mature extraocUulff ns. Important 
physiologicai activities are associated vritb the 534cd E protein, including hema- 
gglutination, viral neutralization, virion assembly, membrane fusion, and viral binding 
to cellular receptors (Kcsfaini.E. e/af. Kiro/. 188:714-20. 1992). 

niercarethreeJEvacciiies for humans (Tsai.T. etaL Vaccines 611-713, 1993). 
Of the three, only inactivated JE vaccine produced in mouse brain is available 
internationally. One manufectun*. the ReseaichFounditioa for Microbial Dis^^ 
Osaia Univasity CBiken) produces most of the inactivated JE .«ccine distributed 
intemationallr.thatvacciM^Hceiisedin imintheUSAv*^ 
Com«ughtI^bonitories,lnc..asIB-VAX~.lnactivatedandliveattenaatedJEva«^ 

prepared in primary hamster kidney (PHK) cells are distributed solely in China 

15 Inactivated JEvaccineproducedinmousebrauiswaslicensedm 

Because it is produced by cerebral irijectkm of infimt mice, it is laborious to 
manufi«ture and concerns about &e possibility of vacdne-ielated neurological side 
effect were raised. Tlioogh successive lefinemenls in the mam 
increased itspority and potency(Oya.A- Vaceinatian Theon'fmd Practice 69^82,1975; 
20 Oya.A..4ciaPedto^J^30:17S-«4.1988:Takala^K.l»to/.^ 1125-39. 1968). a 
moderate frequency of local and miW systemic reactions have been reported until 
nxently (Hoke. CM. et cL New EnglJMed. 319:608-14. 1988; Poland. J J>. etaL J 
b^ct Dts. 161:878-82. 1990; Sanchez. JX. el oL Lancet 335:972-73. 1990). luKal 
tenderiKss. redness, and/or swelling at the injection site occur in 20 % of vaccines. Mttd 
25 systemic symptoms, chiefly headache, low-grade fever, myalgias, mahdse. and 
pistrointesdnal symptoms, are reported by 10 to 30 % of vaccines. An avparently new 
pattern of adverse reactions inchiding urticaria, angioedema. respiratory distress, 
erytheinamultifbrme, ciythemanosodum and severe neurolopcal disor^ 
nqwrted suKX 1 989. principally among tnwdlcn vaccinated in Aus^^ 
30 North America(Anderson.M.M.efal lance*. 337:1044, 1991;RuftTA.era/. I««er 
228.881-2, 1991). In addition, in 1992 and 1995 Ohtaki reported seven chfldren with 
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acute disseminated encephalomyelitis (ADEM) with changes on nagaetic tesonanoe 
iinagcs(MW) after JE vaccination (OhtakiE,*! a/. Peiffal>-Afe^ ,992. 
Ohtald, E.etaL J Neurol Neurosurg Psychiatry 593\6.7, 1995). Also of note is that 
vaccination with rabies vaccine containing animal brain tissue has caused severe 
neurological compUcations (Plotldn, et aL Vaccines 661-2. 1994). For these 
reasons, the WHO has designated JE vaccine development as a high priority. 

More recaiay.inactivated and live attenuated JEvaccineof China have proven 
to be eflfective. eliciting high titars of vinis™tralizing antibody and confeaing solid 
protection (Tsai. T. e, oL Vaccines 671-713. 1993). Hov«ver. PHKL ccHs in ^eh 

Chinese vaccine vweie ppqared are not approved the Worid Health Org 
(WHO) for viral vaccine jaodoction or licensed for human use by the developed 

countiKs. The principal disadvantage m USB« prinmy hamster 
of vaccines is the unceitamty with reganl to the quaUty of vaccine. Even if specific 

pathogoi &ee hamstens are used, animals can unexpectedly become infected, be^ 
preblematic for vaccine production. OccasionaUy an infection of this type could be 
undetected for along time, ^ith these criticisms. finthercontroUed studies of thesalety 
of the vaccine are required tq allow confidence regarding its wideg»ead use. Another 

disadvantage oftfaevacdne production fiomprimaiycelb is the low rate of harvest 
20 *e vino and high cost without allowing mass production. 

hi view of the above, there is . need for new JE vaccine which is produced in 
standard ccn lines such as Vero or human diploid cells that have been accepted as 
hunum vaccine substrates, with good cost effectiveness. Vero cells are transfoined but 
non-tomorigenic cells derived fiom monkqr kidney. The Vero ceU line is more 

Mivantageoiis than any otho: standani ecu line in that Vero c^ 

adaptable to large scale ceU culture and as a transfonned ceU has an infWte life ^^^^ 
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It has now been found that JE virus can be grown in Vero cell culture. 
Considcrabfc eflfbrts had been made i» the field of JE vaccine to prodw^ 
»tandaidceUswhichi»nutcfirectingceUculturesatalargevohnne.Nevertf^ 
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chsracterization including genetic stability, yield and process necessaxy £>r vaccine 
commercialization through cultivation widi Vero cells had never met the requixen:ients 
of human vaccine. Owing to these &cts and t the difficulties of transpostng a 
knowledge acquired in other virus cultures to JE virus, the prior ait had not achieved 
success in the development of JE virus vaccine which is genetically stable and has a 
high immunogenic diaracter fiom continuous cell lines. Among all these leseaxches, 
none had resulted }jp to the present time in a new vaccine production which satisfies the 
criteria mentioned in this background. 

The i»resent invention suggests a development and a propagation of JEvixus in 
continuous cell line, Ven> cells for vaccine production vAddb overoomc pre^ous 
problems in JE viras produced in mouse brain or primary cdl lines. The present 
invention also identifies methodology devdoped to cultivate the JE vims and a 
downstream jxocess for vaccir^ production ivith cost-effectiveness. 

In addition, the present invention identifies methodology improved upon the 
previously commercialized JE vaccines in the following ways. 

1 . Safety: The inveiited virus did not acquire the virulerKX throi^ 
cultivation^ reducing the hazards of production and aff<»diiig an addidoaal level 
of safely to recipients beyond tfiat fiimished by stringent control over tiie 
virus-ipactivaticm p roce s s. This advantage has never been provided by tiie 
previously commercialized JE vaccines. 

2. Iiicreased siqqpiy in safer productioD substrate: The JE vacd^ 
invention is produced iri the absence of bovine serum, making hi^yidds and 
inexpendve and scalable production vAdch are not achieved in the the 
previously corrunercialized JE vaccines. 

3. Less reactogenici^ No gelatin stabili2er is irscorporated into the JE vaccir^ 
of the present invention, redudng the risk of vaccine reactions like those seen 
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vith.the existing vaccine (Saskaguchi M et al. Vaccines 68-69, 1998). In 
addition, undesirable bovine-derived components, incoiporated in the existing 
JE vaccines are eflfeetively eliminated. Conclusively, this safety point of the 
present invention has never been provided by the previous JE vaccine. 

4.Inaeasedpotmcy: The successofscalable production with Veiocellsandthe 
ahscnce of supplements for production, as weU as the effective purification. 

permits the fifst use ofpotent adjuvants in formulating the JE vaccine. Altboiigh 
the use of the a<Suvants in the vaccine formulation has been applied in other 
vaccine, transposing diis knowledge to the JE vaccine has been in <fifficulty 
since none of the existing JE vacdnes assure if s safe production. 

Inoondusion, none had resulted up to tiie presem tinre ma newvac^ 
satisfies tike aforementioned advantages in the commercializatioa of JE vaccine. 

Therefore, an object of the present invention is to provide a safe and efiective 
JE vaccine produced in standard cdl substnte to increase its acceptability in 

countries. A further object of tiie im«ition is to provide an effective process 
producing a highly purified stable vaccine and formulating a vaedne wMd, has a high 

hnmiuiogenc cfaaoacter with a anall anligea amount. 
SUMMARV or THE INVENTION 

Ino«easpect,tiKpreseminveatioapiowdesanaltenuatedJapaneseeBccphalitis 
virus adapted to Vero cell by passages on Vero celLTlic attennated Japanese 

encephafitisvinis of thepresentinveotion, vdBchis hrferred^t^ 

depositedatthcpennanentcollectionoftheKoreanCultureC^terofMicrooiganisi^^ 
Seoul. Korea, on April 20. 1998 under the Budapest Treaty of the international 
recognition of die dqx>sit of microorganisms Ibr the purpose of patent procedure, and 

a subculture tiiercof am be obtained fiom tiie repository under the accession mi^ 
lCCCKf-1012S. 
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In another aspect, the present inventioii provides a JapancM encei^ialitis vacdne 
comprising an attenuated JBpohcsc encephalitis virus adapted to Y ero cell by passages 
onVeroceU. 

5 BIUEFDESCIUFTIONOFTIIEDRAWI^ 

These and crther features, aspects, and advantages of the present inventicHi win 
become better understood with regard to the following descrij^on, uppcodcd claims, 
and accompanying drawings as follows: 

10 

Figure 1 shows passages and adiqrtatkMi of JE virus SA14-14-2(PI>1Q in Vera 
cells. Virus passage 1 was harvested at 5 days after inoculation of Veto cell monolayer 
with 0.1 moi of SA14-14-20PDK) strain. The JE vims titer was measured by plaque 
assay perfonned oa Veto ceil monolayers. Subsequent serial passages were cmducted 
IS to 30 passages with virus passage 1 virus as starting material by successive virus 

infection and titration as described in Example 1. 

FigineZsbows muhipletime harvest ofJE virus CJS0003 inarollerbottleevery 
other day from 3 to 17 days post infecti<m. Vcro cell monolayer were infected at a moi 
20 of 0.01 plaque forming unit (pfii) per cell* Vims was allowed to adsoib for 2 hrs at 
35*C, Ifaen cells were wa^ed widi PBS three times, fed with 100 ml of seium-finee 
EMEM and incubated at 3S*C. Every 48 his fiom 3 days to 1 7 days post inoculation* 
culture supematants were replaced with hesb senmi-free EMEM. Virus infectivity 
titrations of the harvests were performed by {daquing on Vero-cell monolayers. 

25 

Hgure 3 shows an amdysis of JE virus CJ50003 purified by sucrose grs^ent 
tdtraoentrifiigatiQn liy SDS^PAGE and Western blotting. Sixty ml of concentrated 
culture supernatant was agpplied to a forty ml of 15-60% sucrose gradient and 
centrifuged in a 45 Tl rotor at 22,000 rpm, 18 hrs^ 12*C Two ml sanqples were 
30 coUected fiom ihc bottom of the tube and sulgected to 4*20 % gradient SDS-PAGE and 
the resolved protdns were transferred to NitroceDulose membranes. Proteins were 
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Visualized by staining with Coomassie brilliam blue (Pand A) or silver nitrate (Pand 
B). uidahtigemwnevisudiredlqr reaction withmonoclonal antibody rea^ 
JE viral E pn,tdn (Pand Q. Une i , prc-stab«d protein standards (Novcx Seeblue~) 
representing molecular weights of 250, 98. 64. 50. 36. 30. 16. and 6 kDa fiom the top; 
Lane 2-10. fraction Na 3-1 1 fiom tbe bottom after dtiacemri&gation: E. eovdopc 
protein; C. c^sid protdn; M. membtane piotda 

Figure4sbowsfoiinaldelo«kinactivationkineticso£piii^ 
Purified JE vims preparations were inactivated with 0,01 S % fonnalddiyde at 4-C « 
22-C. Samples taken at the indicated times were titrated for thdr residual infections 

vinislydirectplaquingonVeroceUmonolwAdditiooally.^npUficationassaywas 
done to detect km levds of Vina as foUo^ Di^Ucate flasks contd^ 
monolayers were inoculated with sanvlesfomvinis-inactivationti^^ After. 
2hradso,ptionperiodat35-C.cdls were refed and incubated at 35-C Cells were refed 

at 7 days and at 14 days post-infectioa The culnae media were harvested and plaqued 
to detect infectious virus. Inactivation tune points from two separate experiments are 
sho^ 4-C (filled rectangle). 22-C (fifled drele). Themud inactivatkm (no 

fonnalddiyde) controls (open rectangle for 4-C and open drele for 22*0) were done in 
parallel. 

DETAILED DESCRIPTION OF THE INVENTION 

TheprescirtinveatwnrelatestoaJEvirusatrainwhidihasdesirableproperties 
fortheprepa«tionoftheJEvacdne.Sddvir«sisa«attenuatedvimsandcanpropag^ 
mihe continuous cdllme. Vero whidiis adnuttedby WHO as cdl substrate forhmnan 

vacdi« p«>ductioa. Thus it is expected that sdd virus can be used 
of more safe mactivated and live JE vaccines than current vaccines. 

The pescat invention provides a vaccine that satisfies the present need A JE 
virushas been adapted to VeroceU by seridpassagesat noMgherthan35*C. Contm^ 
passages in Vero edi resuhed in increase in virus titer, over 10' pfi. per ml of culture 
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supernatant and reduced culture time to sbowpeak vims titer. The invention coxicems 
the developmdit of a multiple time harvesting process with no semm leqidiem nt as 
supplement resulted in high yield of virus productivity, which is commezcially feasibl 
propoties for the large-scale production of said vaccine with cost-efiTectiv ness. 

S AcccMfding to the invention, the multiple harvesting process in vins cultivation is 
responsible for the reduced degree of cytopathic effect (CPE) of infixed cdls. The J£ 
vaccine of the present invention contains an extremely small quntity of residual cell 
derived cooqxments owing to the reduced level of CPE. In addition, JE vaccine of ihi 
present invention is expected to afford enhanced inmiunogenicity and greaterprotection 

10 against disease than current JE vaccines. Ihe purified JE vaccine of the present 
invention has a major advantage over current vaccines in that the purified viruses fiom 
the cultured Vero cells meet the development requirements for human vaccine. 

The present invention also relates to the methods for the preparation of said 
1 S vaccine. The methods can provide high productivity, purityand potency of said vaccine. 
The JE virus CJ500O3 is obtained by subjecting JE virus SA14-14-2(PDK) to 4 
passages or more of ads^iting in the Vero tissue culture cells at temperatures no higjher 
tfaan3S*C axidsdectingttKsculturedvinis while monitoring the virus propagation based 
on the number of foci which were f<Nrmed in Vero and/or LLC-MK2 cells. The vims 
20 obtained fiom tixat adaptation has a peak titer of at least IxK^ pfii^ of cuhuie 
si^Kmatant in Vero cell culture and reduced incubation period for harvesL The JE virus 
SA14-14-2 is an attenuated strain which is obtained by ad^Hing a wild type JE virus 
SA14 fiom mosquito in the Primazy Hamster Kidney (PHK) tissue culture cell and the 
Primary Dog Kidney (PDIQ tissue cdture cell (ICennethH. Eckels, etaL Vaccine65l3- 
25 518, 198S). But tfie PHK and PDK cells are not admitted by WHO, so they are not 
siutable for prq>aration of vacdnes iqjidicable to humans. The Vero cdl is admitted by 
WHO for Inmoan ttse» so the Vero adq>ted JE virus stnun, CJS0003, ^ 
production of vaccine for humans. 

30 It is known that SA14*I4-2(PDK) vims belongs to flaviviridae and has tike 

following phyriicocdiemical pryperties: single-stranded, positive-sense RNA genome 
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with 5' methylated cml and r end with iu> poly A sinicti^ 

is appioxiinately 1 1 kb and the genome is b a combined state with nucleocapsid (Q 
pioteinofI3.500Da.Thevin«isadditionaUycomprised f membrane (M) pmtein of 

8.700Da.envelope(E)iHotein f 53.000 Da and non-stnictural proteins NSl. 2a, 2b. 
3, 4a, 5 and the like. 



The Veio adapted JE virus strain, CI50003 was passed in Ven> ceU over 30 
passages. The vims titer and the nKHphology of plaque weic not varied through 
passaging, suggesting that the virus has staWc phcnotypic character. 

Toget an insight into the molecular basis forthe biological chaiacteristicsofJE 
vine 050003, the physicochemicd properties of the virus were aiuUyj^ 
sequence of the bases of the viral genome was detemuned by cDNA cloning «id 
sequencing. As a result, it was discovered that three adenine bases of the 1032, 150d. 
aid 1704 positions, and a guanine base of the 1769 position of E protein gene of JE 
SA 14-14-2(PDK) virus were replaced by thiee guanines and a thymine in JE CJ5000J 
vims, respectively. Accordingly, the amino acid sequcnce.of E protem was changed 
from thrtonine of the 1 9 position, threonine of the 1 77 position, lysine of the 243 
posidonttidghitamineofthe 264 position to alanine, alanine, glutama^ 
respectively. The amino acid changes on the E protein weie mamtained through 
passaging the virus in Vero ceU as long as oar investigation lasted. 

The JE vinis CJ50003 did not kin mice when the viruses which have diffbent 
number of passages in Vero cells, were injected to young mice intiaccrebnlly. 

Accoidingly.iteanbesaidthattheVemadqtodJEvinisa50003faanattenuatcdand 
stabte virus strain which has no or Uttle nemoviruldtace. It is one of the critical p^^ 
to use said virus for the five JE vims vaccine and/or inactivated vacdne. 

ne present invention also provides a method for purifying virus fiom ceU 
culture without fieezing the crude or interim purity materials. Said method 
the steps of lemoving ceU debris, concentrating the vims, purifying the virus by 
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precipttaticHi of the mateiids of cell origin and sucrose gradient ultiacentriiugation, 
fiactioQating the gradients and assaying the fractions for virus. More ^Kcifically, the 
present invention provides a method for the production of purified JE virus, by 
pippagadng virus to hig^ titer in continuous cell lines, in tfie presence or absence of 
S serum protein supplements, purifying the vims by idtracentriiugation, and pooling the 
virus-positive fractions. 

The said virus is propagated in Yen) tissue culture cdb. The coofluend^ 
Veto cells in roller bottles are infected aid incubated with the. CfS0003 virus. 

10 Harvesting the virus can be done by the multiple harvesting method. The harvest of 
culture supeniatant vvas staitedM the poim<f 2 or 3 days post iiife^ according to 
nioi of infection, and the fresh mecfiisn was refed to the culture. Ato 
of ^e icTed cultuie, the culture supernatant was harvrested again. Harvesting can be 
repeated up to 4 times by 8or 9 days post infection with the virus titer m a int ai ne d over 

15 lO^pfi/ml of culture supenuOanL The multiple harvestiisg noeihod gave a high yield of 
virus per unit roller botde, so it makes this invention more compatible with the laws of 
market Fuitibermore, the process is responsbie fot fee reduced degree of CPE of 
infected cells. The reduced level of CPE contributes to e3ctrBmety low level of residual 
cdl derived components in JE vacdne of the piesept iiiveotion. Tfa^ 

20 supetnalants can be stored at 4*C ontU the^punfication started. Hieclarification of the 
harvested culture supernataiits can be accompBsbed by cmmra 
art including low-speed centrifugafion, for example, at 15O0 g fm 10 ndn, and/m by 
filtratioo diroi^ a filter of pore size of 0.45 . The harvested culture flmd is stored at 4*C 
until concextfralion. the ccHicentrationoftiie virus, ihe culture ihiid is ult^^ 

25 and the letentate is collected. In another method for conmitration, the potyetfaylene 
glycol (PEG) 8000 is dissolved in the cuhme fluid i^i to 10% and ttie preci{Htate is 
fissolvedina[HC^buffer,forcxairpIephosphate*bufife^ The 
protamine sulfate precipitadcm is performed for removing DNA or other materials 
whif h 5*np"«M ft™" which can be accomplished by addition of protamine 

30 sulfate to ooncentxated virus sotudon and hig|i speed centriiiigation, for exaiiq;>le, at 
12,000 g» for S F?i«» For further purificadon of the virus, dena^ gradient 
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idtiacentrifugationisperfbnnedonl5-60%conti^ 

The sucrose gradient is fiactioaatedand the fiactions are assayed for the vims. Methods 
for assaying for virus positiv fiactions include plaque assay, hemagglutination assay, 
polyacrylamide gd electrophoresis, and antigen assays such as immunoassays. The 
fiactions for finther processing are pooled on the basis of high virus titer and low level 
of other impurities. TTie purity of the pooled purified vims was estimated by testing for 
Vero cell originated chromosomal DMA and protdn. The results showed that oonteats 

of host oeUular DNA and protein are as low as 2.5 pg and 2 ng per 5 Aig of purified JE 
virus, respectively, which demonstrated the purification methods described above 
effectively removed other impurities fiom viral antigen. JE virus yield fiom 1 Lof 
infected culture fhdd is estimated to be aboil 2 J milligrams. 

The present mvention also providesamediod of inacdvating JE virus to destroy 
its infectivity whfle preserving its antigenicity. Said mediod comprises adding an 
effecdve quantity of formaldehyde and incubating said virus with said agent in certam 
conditions such that said virus is inactivated Specifically, the fiaction pool w« ^ 
to appropnate protein c<nicentration with a proper bufifer such «s PBS and die 

formaldehyde vvasaddedto the dihitedfiactionpooI,The incubation with fon^ 
vwis performed at TTC or rc At lea^ 4 or 46 days were required to fiilly destroy vkal 
mfecthdty without loss of viral antigenicity at 22*C or 4"C, ieq>ectivcly. The 
inactivation process of JE vims at 22'C wasprefeiably chosai for simpKdty in laige 

scale culture and iwaAation time v»ras extended to 7 days for a safety mai^ Howevw 
examples of inactivatiag agents which were effective include but are not limited to 
formaldehyde. La general, this can be achieved by chemical or physica] mens. 
Chemical inactivation can be effected l^^^treaiii^ the viruses, for exarnple, vddi 
aaymes, P-propionhutone, ediylene-imine or a derivative thereof and an orgmic 
solvent suchasTweeii.Triton,sodiumdeo3cycholate, andsulphohetaialfnecessary.the 
inactivatingsubstance isneutralizedafterwanis; material inactivaed with foimaldeliyde 
can, for example, be neutralized with ifaiosidphale. Physical inactivation can preferably 
be carried out by subjecting the viruses to energy-rich radiation, such as UV Hght. 
X-ratfiation or gamma-radiation. 
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The JE yacciiKS arc prepared as injectaWes, either as liquid solution or 
suspension- It is possible to add a stabUi2dng agent such as cariwhydiates (sorbitol, 
mannitol. starch, sucrose, dextian, glucose, etc), proteins (albumins, casein, etc), an 
agent containing proteins (bovine scrum, skim milk, tc) and buffers (such as alkaU 

5 nietalphosphate).Theprcpaiationcanbelyophili2cdafteraddingastabili2erandi^ 

bevacuum w nitrogen stored If desired, ok or more compounds with an adjuvant 
action can be added. Suitable compounds forthis purpose aie. for example, aluminmn 
hydroxide, phosphatc or oxklcmineral oil (such asBayoI.Marcol 52) and saponins. In 
addition, if desired, one or more emulsifiers, such asTwecnand span, fa also added to 

10 die 'vinis materials. 

The effectiveness of an adjuvant vras determined by measuring the amount of 
neutralizing antibbdies directed against the vims resulting fiom administration of the 
inactive virus in vaccines vdiich are also absorbed to an adj uvant. Examples of adjuvant 
15 which was effective iiidudebutis not limited to alum hydroxide. The obtained vaccine 
was investigated for efGcacy by the plaque reduction neutralization test (PFNT) with 
theseraofsaidvacdneimmunizedmiceanddirectchaUengeofimmunizedmicew^ 

a ncunivirulent virus. As a resuh. it was shown that the said vaccine had the same as or 
better efiBcacy of eKdtuig neutralizing antibody than comparable vaccm^ 

20 

Toinvestigalepossi^lcchangesmimmunogeaicityofVen> adaptitd viruses vvith 
differentpassagernimbcr5,thevaccineswe«piep^ 

the efficacy of each vaccine was compared. There was no rcniaritable difference in 
efficacy among the vaccines prepared fit»m vinises with diffiaert 
25 apiteofsucccssivepa$singxnVeioceU.ThusitcanbesaidthattheVeioadapted^re 

wus strMn, CJ5()003, has stable unmunogemdty. 

The foUowing examples ilhistratc the attenuated JE virus adapted to Vero cell 
according to the present invention and Ae JE vaccine comprising smd attenuated virus 
30 according to the present invention. From the feregping description and die fbUowlag 
examples, it fa believed tiiat those sldUed in the art would be able to cany out the 
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inventimi to tbe fUlest extent 
EXAMPLE 1 

Adaptatioii of SA14-14-2(PDK) vinu in Vera cell 

JESA14-14-2 (PDK). SA14-14-2 vinis indog kidney ccU culture passage 8 was 
used to initiate serial passages in Vero ceU culture. The Vero ceU monolayers were 
inocultted witb JE SA14-14-2 (PDK) at an moi of 0.1 pfii per celL Hie infected ceU 
cultures were grown in 25 cm' cutture flasks containing 5 mi of nutrient media 
comisting of Eagle** ininimal essential media sjqjplemented with 10 % fetal bovine 

serum in an atmoqAeie of about 5 % CO, in air and m a tempeniture no liiglier than 
about 35*C; lypicaBy at from about 32*C to about 35'C -with about 35'C being 
pteierred. Viial growth was monitored by microscopic cdiservation of cTtopothic effect 
(CPE) and various assay for die presence of Viial antigen including hemadsorptioa assay 
(HA), plaqueassay. and eo2yme linked immunoadsorbant assay (EUSA). JE virus was 
harvested at day S post infection when the culture showed peak of virus titer, claiified 
by centiifagation. llie single plaque was purified from dw clarified supernatant and 
amplified in Vesocells. The amplified vims was re-infected to Vero ceU for furdier 
pasmges. Subsequent serial passages were conducted up to 30 passages by successive 
virus iofectian, diradon, and plaqueiwrification as described above. As shown in 
Figjue 1, the vinistiters reached about 4X10' pfii per.ml of culture siqieniatant widi 4 
passages in Veio cells and maintaine d dose to this level in further passages. Beades. 
die optimal period for viral harvest was reduced fiwn 5 days at passage 1 to2-3 days 
at passage 4. A agnificant increase in vinis yidd. abo« 1G» pfu/knl to over lO' pfiiyknl 
and a decrease in incubation time resulted m die selection of die JIE passage 4 in Vero 
ocUs as startingniaterial of choice for the prqiaration-of a candidate JE vacdne. The JE 
passage 4 in Vero cdls was Ubelled as CJSOWB (Vero, PS4). Abbreviation PS means 
virus passage number in designated ceU. 

EXAMPLE2 

Characteriatioa of CJ50003 vims; Scqneneiag of the envelope gene and 
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aeurovirulence study 

As an effort to ^ve an insight into the molecular basis for the biological 
characteristic of CJ50O03 strain, the ISOO nucleotide sequence encoding the 
envelope(E) gene wbdch possesses nugor ncutiali:dng epitopes were determined and 
con^Mied with thoseof the parent yaccine stnuos, S Al 4-1 4-2(PDK), SA14-14-2(PHK) 
and an wild ^pe SA14 virus (Aihka, S. et al. Virus Genes^ S:9S-109, 1991; Ni, H. ei 
a! . / Gen ViroL 76:401-407, 1995; Nt, R ei al. J Gen ViroL 76:409-413, 1995; 
Nitaysphan, S.etaL Virologymi54U542, 1990). CJ50OO3 virus (Veio,PS4} was used 
for sequence analysis. Thb revealed that tiie C-tenninal region (amino acid 280-500) 
shows conq>lete conservation^ ^^Aule the N-tesninal region (amino add 1-279) shows 
sequence variation among the virus strains. Mutations in the N-texminal region are 
afanost evenly distributed. Nucleotide sequence of the E protdn gene of CJS0003 
difikred ficom SAI4A3X:hy 8 nucleoddes and 7amt]io acids whereas SAl 4-1 4-2(PDK) 
dififeied fiom SA14/CDC by 7 nucleotides and 5 amirx> adds. The results were 
summarized in Table 1. 

The sequence of CJS0003 virus diffoed fiom the published sequence of 
SA14-14-2(PDK) vinisat5po5iti<ms:nucleotidechangesatpositi<ms 1032, 1506,1704 
and 1769 resulted in4 acKuno acid dififereoccs between SA14*14-2(PDK) and CJS0003 
vinises: nucleotide changes at position 989 did not resok in ^nino add substttuticm. 
Hig^ passages of CJS0003 vims, ix. passage 15 and 30 revealed no ad<fiti<mal 
nucleotide changes. There were* therefore 5 distinct nodeotide and 4 amino adki 
dianges between CJ50003 and parent virus, SA14-14-2(PDK) and these changes were 
stable on passage of tibds vims in cell culture. The Lys residue at 243 in the 
SA14-14-2(PDIQ, vM<h is uniqudy differei^ cm&pared vdth other attenuated JE 
vimses were substituted vrith Gltt reddue in CJ50003. 

CJS0003 sequence also differed bom the pablidied sequence of 
SA14-14*2(PHIC) virus (Aihiia, S.etaL Virus Genes, S:9S-109, 1991). The nucleotide 
dificrence at 1032 caused amino add difference at position E19 but the change at 



•14- 



nucleotide posidon 989 did not result in ammo acid substitution. Nucleotides at 1 506 
and 1704 in 050003 vims were the same as those present in the SA14-14-2(PHK) at 
these positf ns while dififeient fiom the SA14-14-2(PDK) at those positions. Hie 
pattern of substitutions through the N^enninal region of the CJ50003 and 
SA14-14-2(PHK) E gene is almost same except for amino add substimtion at E19. 

SA14-14-2(PHKX SA14.14-2(PDK) and CJ50003 vinises have 4 identical 
amino acid sahstitutions compared with the sequence of the parent SAl 4 vims at 
position EI 07, E138. E176 and E279. Of those the amino acids at position E138 and 
E176(Ni, R etaL J Gen Virol. 76:409^13, 1995X which were taumn to contribute to 

atteauatianwtrestiU conserved afterVeroad^tation. suggesting that CJ50003 did not 
lose it's attenuated character. 
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Table 1 . Conoparison of nucleotide and anuno add sequences among TE virus strains, 
SA.14, SA14-14-2(PHK). SA14-14-2(PDK), and CJ5O003. 
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CJ5O0O3 and the pareat SA14.14-2(PDK) were tested for their mice 
neuroviiulcnce by intracciebral fixO iajcction into the 4.weck-old BALB/c mice. The 
resuluj are shown in Table Z The lethality for young adult mice is not significantly 
differem between SA14.14-2(PDK) and CJ50003 viruses which is very low compared 
to thai of wild type SA 1 4 virus. Thus it seems to be that the introduction to the Veto 
cell substrate did not jrovide a neurovindent phenotypc to the SA14.14.2(PDK) and 
CJS0003 virus sdll has attenuated characta. 



Table 2, Intracerdxral virulence of 4*weck-old mice inoculated with Vero^>assaged 
CJS0003 vnuses. PS represents passage mPDK or VerocelL 



Vims 


PFU Inoculum 


logLD«,iiil-' 


LDM/PFUrado 


SA14(PDK.PS3) 


2x10(7) 


65 


0.17* 


SAI4-14-2(PDIU»S8) 


13x10(6) 




<0.00002' 


CJ50003(Vero, P.S6) 


3.4 X 10(7) 




O.OOOOOl 


a5(X)03(Vefo, PS15) 


3^x10(7) 


<lS' 


O.OOOOOl 


CJ50003(Vero. PS30) 


3.6x10(7) 




O.OOOOOl 



a: KcnaetfaR Edcelsera/(Faciefiie 6:513-518. 1988). 
b: 0/10 mice died after inoculation vndi undiluted vinu. 
The -volume of loocuhim for i.c injection is 0.03 ml per mouse. 



EXAMPLES 

Vinu ennvth and purification 



The production seed was prqMued in virus passage 5 in Veio cell [CJ50003 
(Vero, PS5)]attd stored in deep-fieezer. Vero cells were grown in Eaglets minimal 
essential medium (EMEM. Gibco) containing 10% fetal bovinesoum (FBS. Gibco). 
Roller bottle cultures of Vero cdl monolqfecs wwe infected with production seed virus 
at an moi of 0.01 to 0. 1 pfu per cell. After 2 hours of vinis adsorption, the cullmes were 
washed 3 limes with PBS and fed with EMEM not containing senmi and incuixtted at 
35'C- In infected VeroceU cultures, vims reached titers of around 10' to 10*pfii/kiil at 
2 or 3 days post infection: While virus harvests were taken 4 tiines ^ 2 day intervals 
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untUt i9dayspostinfectionstartiiigf3rom2or3dayspostinfe^ 
still maintained over 10' pfWml with veiy v«ak CPE. But after 9 days post infectioii, 
the titers -were under 10' pfu/ml (Figure 2). The pooled harvests were centrifiiged at 
8.000q»mfor 15 mimitesand supematants were filtered throughaO.45 filter. Vinis 

5 Jdturesupeaiatantswcreconccatratedlv»dtiafiltiati 100k)or 
predpitation with PEG.mvinis precipitated by PEG was coUected by centric 
and suspended in PBS or STE (1 0 mM Tris pH 7i 1 mM EDTA, 1 50 mM NaCl) 
buffer. RBteotate alto ultrafiltration was coiwwtiated to 250 ml and the casa^ 
washed with 100 ml of PBS. Vims concentrates were chiUed in the ice for 2 houis after 

la adding0.5-2mg/WofprotammesuIfiitcandibcsupenMtantsobtainedbycm 

at 10,000 rpm for 5 minutes. The concentrated idiuses were purified by ultm- 
ccntrifiigation on sucrose gradients. The ultnicentrifug^ 

g for 18 hours. Fractions were subjected to electrophoresis on polyacrylamide gels 
contaimng the detergent sodium dodccyl sulfete (SDS-PAGE). The nuclcocapsid 
1 5 protein (C. 13^00 Da), membrane protein (M, 8.700 Da) and envelope protein (E, 
53.000Da) bands were seen in the SDS-PAGE (Figure 3. panel A). Envelope antigens 
(E) weredetected by Western blotting with mouse anti-JE virus monoclonal antibody 
(Figure 3. panel Q. Vitus positive ftactions. fiactionNos.4 to 9, m whichotiier protein 
bands e>axpt viral proteins were not ajiparcBt in siW stains 
20 ^poded.aiidassayedforproteinconcentnaionWLowrymettiod.Detail^ 

are shown ftomtwo purifications fiom infected Vero cultures either concentrated witii 
tangential flow utaafiltratf on or by PEG8000 precipitetion (JtAAes 3 and 4X Purified 
vims was dihitedwitii two volumesof PBS, added to die final 0.01% ofTweenSO. mid 
filtered drou^ a 0^ fim fiher. 



25 



Table 3. Purification of JE virus by concentration witii tangential flow altrafiltratidn. 



Sample 


Total 
Vohmie 
(mO 


Total 


%rteld 
(pfii) 


Total 

protein 
(ms) 


%Yidd 
(pfotetn) 


Specific 
Activity 
(pfu/mg) 


Pooled cultiiie 
supenrntant 


10.000 


4.4x10" 


100 


600 


100 


7JxlO' 
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Fihion 
concentrate 
Sucrose gndient 
pool 

0^ /i fittrattcn 



200 4.0x10" 90 280 

500 3.8x10" S6 42 
50 2.4x10" 55 23 



47 ^ I.4xl0« 

7 9.0x10' 
3.8 l.QxlO^* 



TaMc 4, Puiificadoa of JE v irus by conccatratioii with PEG8000 precipitatioa 
Total 

Sampfe 



Volonic Total pfu 



SYicId 
(pfii) 



Total 
protein 



y.YicW 
(protein) 



Specific 



Activfty 



Booled cuhne 
sapematant 


10,000 


4.4x10" 


100 


600 


100 


(pramixl 
7JxlO* 


PECfnecipitate 


200 


2.7x10" 


61 


40 


6.7 


6.8x10* 


S sense gndkat 
pool 


soo 


2.5x10" 


56 


15 


2.5 


l.TxlO" 


022 M filtration 


so 


1.6x10" 


41 


12 


2 


13x10" 



ITie vinis preixuati<ms were comiwxd fOT re^^ 
measmemeiits pfaAng protein). Vims purified from concentrate by ultrafiltration 
had about the same activity as vims purified fiom concentrate by PEG8000 
prcdpitatiML Also thepurityofthe pooled purified viniseswa^^ 
Ven> ceU originated chromosomal DMA and protein. The results showed that contents 
of host cdhdar DMA andprotein areas low as 2^ pg and2 ngper5//g of purified JE 
viius »«PcctivdyregardlessofmethodofcoacenJration.wMchdeaionstrated tb^ 
purification methods described above dBTectivdy removed other im^ 
antigen. However in tenns of protein yield of purified vinis, the pimfication method 
using ultrafiltration is 2-fold better than the purification method mvolving PEG8000 
precqoitaiion. 



EXAMPLE4 
Vina inactivation 
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Purifiedvjnisvvasdtherdirectly used forprepaiation of live attenuated vaccine 
afler dialysis with PBS or inactivated with fonnaldehyde for preparation of inactivated 
vaccine. Inactivation with 0.018% fonnaldehyd was carried out at 22'C or 4'C. 
Samples were taken at regular intervals and assayed directly for infectious virus by 
plaque titration (Figure 4). Samples which v«re negaUve by direct plaque assay were 
subjected to blind passage on Vcro ceU monDlayers in order to amplify low levels of 
vinis and then rc-plaqued. It was found thai 4 days at 22'C or 46 days at 4*C were 
required for complete inactivation of infectivity (Tables 5 and 6). The antigenicity of 
the virus was monitored during inactivation \iy testing samples with the antigen spot 
Wot assay and polyclonal antisera. By this assay there appeared to be no detectable 
losses in antigenicity after exposure to 0.018% fonnaldehyde forup to 10 days at 22'C 
orl5d^at4*a 

Inactivation witii fonnaldehyde under tiiese conditions was carried out for at 
least 7 days at 22*C or 60 days at 4*C. giving a margin of safety. After inactivation, free 
formaldehyde in the samples was neutralized by the addition of 0.038% of sodium 
metabisulfite. Dialysis was canied out concurrtntly witiiPBS and then fflterrf 

a022/imfiher. 

Table 5- Formalddiyde inacdvaticm of JE viros, CJ50003 at 4*C 





JE virus (-HCHG) 


JE virus (+HCHO) 


Ainplification 


0 


3JxlO» 


3.2x10" 


+ 


0.5 


2.6 X 10* 


3.2x10' 


+ 


1 


1.52X 10* 


7.9x10* 




1.5 


^4x10* 


4.8X.10* 




2 


2.8x10* 


6.4 X 10* 




3 


2.6xl0» 


43x10* 


+ 


4 


1.9x10" 


1300 


+ 


5 


2.4x10" 


285 


+ 


6 


^8x10* 


480 


+ 
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7 


1.5xlO« 


200 


-f 


11 


1.5 X 10* 


0 


■+ 


22 


1.4x10" 


0 


+ 


32 


1.2x10* 


0 


+ 


46 


1.0 X 10" 


0 




60 


1.0x10" 


0 




Tabic 6. Formaldehyde inactivation of JE virus at 22'C 


Hoor 


JE virus (-HCHO) 


JEvinisC-fHCHO) 




0 


3.2x10' 


3JxlO* 


+ 


3 


3.0 X 10* 


UxlO* 


+ 


6 


2.7 X 10" 


1.1 X IC 


+ 


12 


2.5 X 10" 


3.5 X 10* 


+ 


24 


1^2x10* 


140 


+ 


36 


1.2x10* 


0 


+ 


48 


IJZxlO* 


0 


+ 


72 


1.1 X 10* 


0 


+ 


96 


1.1 X 10* 


0 




360 


1.0x10* 


0 





EXAMPLES 

InuittnogcBicity of CJ50003 purified, inactivated vinia (PIV) and lire attctnuited 
Vina (LAV) in mice 



The iinmunogcmdtics oflAV ind PlY were then tested in mice ^ 
commerdalized Biken inactivated vaccine. Groups of 20 six-wedc-old BALB/c mice 
were imm t miz r d intr^toneally Ci.p.) with three kinds of immunogen. Immunization 
wasdone widi two inoculations witboU an adjuvant at intervals of 2 weeks. Two wedcs 
post seccmd immunization sera were obtained fitmi each group of mice, pooled and 
subsequentlytested forthe presence of neutralizing antibodies by PRNTmethodCTable 
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7). As shown in Table 7. there »was no signiGcant difference in neutrali^ng antibody 
titer between groups \^ch received tbree lands of inununogen. 

Table 7. Induction of neutraliang antibodies in mice immunized with FIV or LAV 



Immunogen 


Dose 


Uters f neutralizing antibodies* 


PIV 




1:320 


PIV 


10 Mg 


1:320 


LAV 


Spg 


1^320 


LAV 


10;*g 


1:640 


Biken vacdne^ 


1 dose 


1:320 



a: Titer of neutralizing antibody is defined as the reciprocal of semm dilution resulting 
in 50% reduction of mouse brain passaged Nakayama virus plaques . 
b: Biken vaccine 1 dose contains S A/g of viral |xotein (TCA-predpitable) according to 
the manufacturer. 



The Immunogenicity ofPIV was further tested in nuce. Adult, inbred mice were 
inmiunized with various dihitions of inactivated virus alum adjuvant 

Groups of 20 :dx*week-old BALB/c mice were immunized subcutaneously with SOQ» 
SO, and 5 ng of PIV either in saline or saline with aluminum hydroxide (Sjehydiagel); 

20 Mice received two inoculations spaced 3 weeks apart Sera were pooled firom each 
gtoap of mice at 3 wedcs post second immunization* and tested for the p re sen ce of 
neutralizing antibodies with mouse brain passaged Nakayana strain as neutralized 
(Table 8). Piy was better than Biken vacciiK in all doses and adjuvant significeuitly 
iinproved die immune lespcmse of mice to SO and 500 ng of PIV about 4 and 8 fokl, 

25 respectively. 

Table 8. Comparison of the titer of neutrali^ng antibody in mice immunized with PIV 
with or without alum hydroxide. 

^ Titers of 

Immunogen Dose 

neutralizing antibodies* 
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PIV 
PIV 
PIV 

Prv + ahim 

PIV + alum 
PIV + alum 
Biken vaodoe 
Biken vaccine 
Bikm vaccine 



500 ng 
50 ng 
S Qg 
SOOng 
SOng 
5iig 
1/10 dose 
1/100 dose 
1/1000 dose 



1:160 
1:40 
1:20 
1: 12gO 
1: 160 
1:20 
1:80 
1: 10 
1:10 



T-ttr of neut»lizi«g antibody is defined as the r«,proC of se™m dilution ^siting 
in 50% reduction of moose brain passaged Nakayania virus plaques. 

b: Biken vaccine 1 dose contains 5 pgofviral protein CTCA-predpitable) according to 

the manuikcturer. 



The « vm, protective efBcacy of PIV was then tested in BALB/c mice For 
protection assays, groups of 10 threc-«eek-old BALB/c mice vrere inoculated 
subcutaneously in the MiKlquartets ^ inactivated JE vin«es 
alumnnmilodroxide(Rd»ydn«el).Agc.matchedcontn,bwerei«K^ 

non-specificantigeMindum. Mice w« boosted withanequivaleatdosethiw 
later. Tl« mice were challenged at 3 ^ post immunization by intracnmial 
«H>culationMith500pfeofthemousene«nmndcntJEvin«(hh^^ 
adapted) contained in 30 ,4 of PBS. ChaHet^ed mice were monitored daly fo, 

morbidity and moitaUty for up to t«*«yM>ne days. As shown in Table 9 mi« 
unmmrized with 50 ng of PIV showed 90% of protection. Furthemmre; nice 
immunized with 50 and 5 ng of PIV mixed with alum showed 100% and W4 
Piotection. respectively while I/lOO dose of Biken vaccine protected just 50% of 
mununized mice. In comparison, all mice in the contrt,! group b«^ 
be^nnmg at five to seven days post-challeoge. 



-23- 



W099/11762 

Table 9. Protection of vaccinated mice against challenge 



10 



IS 



20 



25 



with Nakayama virus* Immunogen 


Immuaogen 


Dose 


Survivois 


Control** 


N/A 


0/10 


PIV 


500 ng 


10/10 


PIV 


50 ng 


9/10 


PIV 


5 ng 


3/10 


PTV -4- alum 


500 ng 


10/10 




50 ng 


10/10 


PIV + alum 


5 ng 


7/10 


Biken vaccine ' 


1/10 dose 


lono 


Bikenvacdne 


1/100 dose 


5/10 


Biken vaccine 


1/1000 dose 


3/10 



challenged with 500 pfii of mouse-neurovinjlcnt Nakayama virus- 
b: Age-matched controls were inoculated with PBS or non-specific antigens in alum 
c: Biken vacdne 1 dose contains 5 //g of viral {Hnotein (TCA^)recipitable) accoidiiig to 
the manufacturer. 

To investigate immuncdo^c stabiUty of CJ50003 vims over Vcro cell passages, 
viniscs with various passage numbers in Verocell were independenfly purified and the 
inununogenicities were evaluated by the roetkxi as described in Table S , As shown in 
Table 10, Acre was no remarkable dififereace in the alrility to clidt neulrafizing 
antibodies among vaccines prepared from the viruses widi different virus passage 
numbers in Vero cdl, indicatmg that CJ5O0O3 vims is very staWc over Veio cell 
passages in tenns of immunogeidcity. 
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Table 1 0. Vaccine potencies prepared with JE 



numbets in Vera celk 



PCT/KR9M)0259 

Viruses with different vims passage 



Inirrninogen * 

PIV- 4ps 
PIV- 6ps 
PIV-15ps 
PIV.20ps 
PIV-30PS 



Dose 
0-5 m 



Titers f neutralizing 
antibodie s* 
1:150 
1:145 
1:130 
1:140 
1:160 



S.d/ 

20 
15 
28 
18 
13 



Of wJnch passage number in Vero cells is X 

m 50« «*«o. of ™« Kdc^ vi™ pUqucs «d „^ 

Reed and Muench method, 
c: Standard deviation 

unmunogenic and protective in mice. 
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WHAT IS CLAIMED IS: 

1 . An attenuated Japanese encephalitis virus ad^^ited to Vcro cell by passages on Vero 
celL 

5 

2. The atteniiatedJi9>anese encephalitis virus acco^ chaiacterizedin that 
multiidicity is more than 1 xl 0(7) PFU/ml in Vero cells and IDy/pfa for ycxxig aduU 
mouse is less than 0.000001. 

10 3. The attenuated Jq>anese encephalitis vims according to daixns 1 or 2 vterdn is 
CJ50003, 

4. A Japanese encephalitis vaccine compri^ng the attenuated Japanese encephalitis 
virus according to claim L 

15 

5. The vaccine according to clsdin4 vtdiereinthe virus is inactivated by an inacti vating, 
agent 

6. The vacdne according to claim 4 wheicin the virus is live-attenuated J£ virus 
20 untreated by an inactivating agent 

7. The vaccine according to cUums 4, 5 <»- 6 which further comLpriscs phannaceutically 
acceptable additives. 
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Figl. 
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